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Process fo r the disi nfectioTi an d^irji reservation of harvested plant material 



The present invention is related to a process for the disinfection and/or 
preservation of harvested plant material such as grass forage used as animal feed. 
5 Forage is generally used as animal feed particularly for cattle and horses. It 

consists for instance of harvested grasses, cereals, legumes and other plant 
material. In most cases, it is harvested several times per year during the growing 
season and stored for use as animal feed for winter when ftesh food is not 
available. Forage is often stored in silos. During storage, micro-organisms may 

10 be active in the silo. These micro-organisnas can use the forage as nutrients 

breaking it down to other products. If this micro-organism activity takes place 
imder anaerobic or low oxygen conditions fermentation can occur, converting the 
nutrients particularly sugars in the forage to organic acids. Eventually the build- 
up of organic acids and the consequent reduction in pH of the forage can itself 

15 reduce or stop the anaerobic naicro-organism activity. In this way the forage 
becomes silage (fermented forage). This micro-organism activity therefore is 
self-limiting and has a preservative effect on tiie animal feed. However, 
conversion of the sugars to acids reduces the nutritional quality of the resulting 
silage to the animals for which it is intended. This is particularly the case for 

20 cattle who have a ruminative digestive system which relies significantly on 

intemal micro-organism activity. Clearly if a proportion of the sugar nutrients in 
the animal feed are already fermented to acids then the ruminative digestion and 
therefore the nutritional value to the cattle is reduced. In addition fermentation 
and acidification of the forage influences the desirability of the forage to the 

25 receiving animals eg. cattle and consequent feed conversion rates. High levels of 
butyric acid in particular are undesirable. 

Once the forage starts to be taken from storage for use as animal feed, 
surfaces of the forage become exposed to air and increased oxygen levels. This 
can allow growth of aerobic micro-organisms such as bacteria, yeasts and 

30 moulds which can cause a deterioration in the nutritional quality of the forage 
and to its acceptability to catfle. 

Therefore it is important to have a forage treatment which disinfects the 
forage to reduce initial contamination during harvest and also protects the forage 
fi-om subsequent infection and growth of micro-organisms, both aerobic and 



anaerobic throughout the storage period, including the susceptible period when 
the forage storage area is opened to the air to allow its use for feed. 

Forage treatments using formic acid or its salts are commonly used. 
Another example of known treatment is disclosed in the patent application 
EP 054995 in which calcium peroxide is used to treat fodder. In Kerley MS et al. 
Science, 230 (4727), p. 820-2 (1985), a hydrogen peroxide system is used on 
wheatstraw, corncobs and cornstalks. In the abstract CAS 120:132757 of the 
reference Diouri M., Dissertation, 54 (2), p. 559 (1993), hydrogen peroxide is 
used in combination with ammonia to treat forage. 

The purpose of the present invention resides in providing a new method for 
the disinfection and/or preservation of harvested plant material which reduces 
micro-organisms activity, supplies oxygen and reduces anaerobic fermentation, 
thereby maintaining a satisfactory nutritional quality of the harvested plant 
material as animal feed. A further object of the present invention is to maintain a 
sufficient desirability or acceptability to the receiving animals, when the 
harvested plant material is used as animal feed. Another object of the present 
invention is to reduce initial contamination during harvest but also to protect the 
harvested forage j&om subsequent infection and growth of micro-organisms 
during storage. 

To this end, the present invention is related to a process for the disinfection 
and/or preservation of harvested plant material by contacting the harvested plant 
material with a liquid composition containing at least one peroxygen compound 
and at least one preservative (such as for instance an organic acid or a salt 
thereof). 

Qne of the essential features of the present invention is to combine a 
peroxygen compound with a preservative (such as for instance an organic acid or 
salt). This new combination leads indeed to several benefits such as the animal 
preference for eating plant material treated with this combination compared with 
classical products such as formic acid. Another benefit resides in improved milk 
yield fixim cattle eating plant material treated by the process of the present 
invention. Still another benefit resides in the reduction of fermentation of the 
plant material and therefore in a higher nutritional value such as higher sugar 
content. Further benefits are : 

• Control of micro-organism activity through disinfection and contribution of 
oxygen thereby reducing anaerobic fermentation. 



• Maintenance of high sugar content of the plant material thus achieving better 
digestion and nutritional quality to receiving animals particularly runainants 
and also better appearance of the plant material, 

• Preservation to prevent microbial spoilage on opening plant material storage 
silo or clamp to use for feeding, resultmg in exposure of plant material 
sur&ces to oxygen to give aerobic conditions. 

The temi "preservative" means a chemical used to prevent biologic 
deterioration of materials. This typically necessitates persistence of the chemical 
in the material to be protected to provide ongoing biostatic activity. 

The term "harvested plant material" denotes a plant material which has 
been cut from its cultivation site and which is left on the cultivation site or which 
is being or has been transported into a storage site such as a silo or another 
dedicated place in a farm. The cutting can be done by any appropriate machine 
such as mower, forage harvester or combine harvester, or manually using scythe 
or shears. The treatment can be done on the cut plant material while it is left on 
the cultivation site. Altematively, the treatment can be done during transport 
from the cultivation site to the storage site. In still another variant, the treatment 
can be done during loading of the cut plant material in the storage equipment. 
Finally, the treatment can also be done during storage. 

The plant material treated by the process of the present invention can be 
grass e.g, ryfe grass, Timothy grass. Fescues grass etc.; cereals e.g. maize, wheait) 
barley, triticale, rye, oats etc.; legumes e.g. peas, clovers, lupins; and seeds e.g. 
sunflower seeds. The process of the present invention is advantageously applied 
to plant materials which are harvested and stored to feed animals when fresh 
food is not available, especially in the winter. Typical examples of such animal 
feed are grass, cereals and legumes. Particularly good results are obtained with 
grass, also called grass forage or fodder. In most cases, the plant naaterial treated 
by the process of the present invention is animal feed chosen from harvested 
glass, cereals, maize, wheat, legumes and mixtures thereof 

The process of the present invention cojosists in contacting the harvested 
plant material with a Uquid composition. This contacting can be done by any 
appropriate way that allows a maximum contact of the liquid composition with 
the cut pieces of the plant material. It can for instance be done by spraying the 
liquid composition on the harvested plant material or by simply pouring the 
liquid composition onto the harvested plant material. It is also possible, when a 
large volume of harvested plant material is stored to gather first a small volume 



of harvested plant material, contact the upper surface of this volume with the 
liquid composition, add an additional volume of harvested material on top, 
contact the upper surfece of this additional volume with the liquid composition, 
and so on, until the total volimie is reached. 

The liquid composition used in the process of the present invention can be 
chosen from aqueous and non aqueous solutions in which the peroxygen 
compound and the preservative (such as for instance organic acid or salt) are 
both dissolved It can also be chosen from aqueous and non aqueous suspensions 
in which the peroxygen compound and/or the preservative (for instance the 
organic acid or salt) and/or another additive is present in the form of solid 
particles. Aqueous solutions are preferred 

The peroxygen compound used in the process of the present invention can 
be hydrogen peroxide or any precursor which leads to the formation of hydrogen 
peroxide when dissolved or suspended in the liquid composition. Examples of 
such precursors can be organic peracids, ester peracids, persalts, metalhc 
peroxides or mixtures thereof- 
Organic peracids can be chosen from those containing from 1 to 20 carbon 
atoms, in particular from 1 to 10 carbon atoms, and more particularly from 1 to 6 
carbon atoms. They can be for instance performic acid, peracetic acid, 
peroctanoic acid, and mixtures thereof. 

* * • Ester peracids can be chosen from those disclosed in the patent * - 
applications WO 95/34537, WO 98/28267 and WO 99/67213. They usually have 
the general chemical formula 

R - O - CO - (CH2)x - CO3H 
where R represents an alkyl group having from 1 to 6, in particular from 1 to 4, 
carbon atoms and x is from 1 to 4. The alkyl group can be linear or branched. 
Examples of suitable alkyl groups are n- or isppropyl, and n-, iso- or tertiary 
butyl. Preferably R is a methyl group. In many cases, x is 2, 3 or 4. In a 
particular embodiment, the liquid composition used in the process of the present 
invention comprises a mixture of ester peracids where x is 2, 3 and 4, i.e. a 
mixture of the monoesters of peradipic, perglutaric and persuccinic acids. In a 
particularly preferred embodiment, the major fraction of the ester peracids 
present in the liquid composition has x equal to 3. The most preferred ester 
peracids are the mixtures comprising monomethylesters of peradipic, perglutaric 
and persuccinic acids. 



Persalts can be chosen from sodium perborate monohydrate, sodium 
perborate tetrahydrate, sodium percad^onate, sodium persulphate and mixtures 
thereof Sodium percad>onate is especially preferred. 

Metallic peroxides can be chosen from calcium peroxide, magnesium 
peroxide, zinc peroxide and mixtures thereof. 

The most preferred peroxygen compounds are hydrogen peroxide, 
peracetic acid, and mixtures comprising monomethylesters of peradipic, 
perglutaric and persuccinic acids. 

The preservative used in the process of the present invention can be chosen 
from, but is not limited to, the following : sodium phosphates, sucrose, sulphites, 
sodium nitrite, sodium chloride, propane- 1,2-diol, formaldehyde, acetaldehyde, 
Preferably, the preservative is an organic acid or a salt thereof. The organic acid 
can be chosen from organic products having at least one -COOH group. They 
contain generally at least 2 carbon atoms, in particular at least 3 and in some 
cases at least 6 carbon atoms. They can contain up to 20 carbon atoms, especially 
up to 16 carbon atoms, in many cases up to 12 carbon atoms. Typical examples 
of suitable organic acids are acetic, octanoic, benzoic, parahydroxybenzoic, 
sorbic, ascorbic, citric, lactic, malic, fttmaric, tartaric, propionic, succinic acid, 
ester acids and their salts, or mixtures thereof. Benzoic acid gives good results. 
In some cases, it is preferred that, when the peroxygen compound is hydrogen 
peroxide, the organic acid is different from formic acid. Furthermore, when the 
peroxygen compound is p^acetic acid, it is possible that the liquid composition 
does not only contain acetic acid as an organic acid but in addition also another 
organic acid. 

The salt of an organic acid can be any salt of the above-described organic 
acids. Sodium, potassium and calcium salts are suitable. Sodium benzoate gives 
particularly good results. In a particularly advantageous embodiment of the 
present invention, the peroxygen compound is hydrogen peroxide and the 
organic acid or salt is sodium benzoate. 

In the process according to the present invention, the liquid composition 
contains generally an amount of peroxygen compound of at least 0,5 % wt, in 
particular at least 1 % wt, in most cases at least 5 % v^. The amount of 
peroxygen compound is usually at most 60 % wt, especially at most 50 % wt, 
very often of at most 40 % wt. When the peroxygen compound is hydrogen 
peroxide, good results are obtained with H2O2 amounts of from 5 to 60 % wt, 
typical H2O2 amounts being about l&%wt, about 20 % wt and about 35 % wt. 
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When the peroxygen compound is peracelic acid, good results are obtained with 
amounts of firom 0.5 top 40 % wt, typical amounts being about 1 % wt and about 
5 % wt. In general, satisfactory results can be obtained with an amount of 
peroxygen compound of from 5 to 60 % wt. 
5 In the process according to the present invention, the liquid composition 

contains generally an amount of preservative of at least 5 % wt, in particular at 
least 7 % wt, in most cases at least 10 % wt. The amount of preservative is 
usually at most 25 % wt, especially at most 23 % wt, most likely at most 
20 % wt. Good results are obtained with amounts of preservative of firom 5 to 
10 25 % wt. 

In the particularly advantageous embodiment of the present invention, in 
which hydrogen peroxide and sodium benzoate are used, their respective 
amounts in the liquid composition are preferably firom 15 to 35 % wt of 
hydrogen peroxide and from 10 to 20 % wt of sodium benzoate. 

15 In another embodiment of the present invention the liquid composition is 

an aqueous solution containing peracelic acid, acetic acid and hydrogen peroxide 
optionally in combination with an organic acid different from acetic acid. In this 
other embodiment, the amount of peracetic acid in the liquid composition is 
generally firom 0,5 to 40 % wt of peracetic acid (in particular firom 1 to 10 % wt), 

20 firom 0,1 to 30 % wt of hydrogen peroxide (especially firom 5 to 25 % wt) and 
firom 1 to 60 % wt of acetic acid (in some cases firom 20 to 55 % wt). La this 
other embodiment it is recommended to use amounts of peracetic acid and acetic 
acid so that the molar ratio of acetic acid to peracetic acid is high. For instance 
this molar ratio can be at least 1, in particular at least 5, values of at least 10 

25 being most common. This molar ratio is usually at most 200, especially at 
most 100, and very ofl;en at most 50. 

In the process of the present invention, the amounts of peroxygen 
compound and organic acid or salt are in general such that the molar ratio 
peroxygen compound to organic acid or salt is at least 0,05, in particular at least 

30 0,1 ratios of at least 0,2 being preferred- This weight ratio can be up to 20, 
especially up to 10 and in most cases up to 5. 

In the process of the present invention, the liquid composition is used in an 
amount of at least 0.5 1 per tonne of plant material, especially at least 0.8 and in 
most cases at least 1 1 per toime of plant material. The amount of liquid 

35 composition is usually at most 101 per tonne of plant material, more particularly 
at most 5 and in many cases at most 3 1 per tonne of plant material. Good results 



are obtained with amounts of liqmd compositions of from 0.5 to 10 1 per tonne of 
plant material, and especially from 1 to 3 1 per tonne of plant material. 

Ih the process of the present invention, it is recommended to use acidic 
liquid compositions. The pH of the liquid composition is therefore generally at 
least I, in particular at least 2 and in some cases at least 4. The pH can be up 
to 7, for instance up to 6.5 and very often up to 6. Good results are obtained 
when the liquid composition has a pH of from 1 to 7. 

The liquid composition used in the process of the present invention can in 
addition contain other products such as peroxygen stabilizers. Suitable stabilizers 
include hydroxyl substituted aromatic carboxylic acids and ester derivatives 
thereof, particularly phenol carboxylic acids such as p-hydroxybenzoic acid and 
ester derivatives such as methyl or ethyl esters. They also include organic 
polyphosphonic sequestrants such as ethylidene diphosphonic acid, and 
aminoploymethylenephosphonic acids, pyridine carboxylic acids especially 
dipicolinic acid and mixtures thereof In addition inorganic stabilizers may be 
used, for example, colloidal tin. They also include mineral acids such as 
sulphuric or nitric acids. These additional products are usually present in an 
amount from 0.02 to 20% wt. and in many instances from 0.1 to 10% wt. 

Having described the invention in general terms, specific embodiments 
thereof will now be illustrated by way of example only. 
Example 1 

50 tonnes perennial rye grass was cut and treated by spray application 
dixring cuttmg. The liquid con^osition consisted of 17% w/w hydrogen peroxide 
and 15% w/w sodium benzoate. This was applied at 3 liters liquid composition 
per tonne of fresh grass. A control of untreated grass was used as a comparison. 
The 50 tonnes grass forages were stored in a covered clamp under ferm 
conditions for a period up to 12 weeks. A wide range of chemical and 
microbiological analyses of triplicate samples from the core of the clamp were 
conducted periodically during the storage period Selected analyses are shown 
in Table 1. Analyses 6-9 in Table 1 demonstrate the reduced fermentation of the 
grass treated with the hydrogen peroxide formulation compared to the control 
with higher levels of unfermented residual sugars and lower fermentation levels 
of fermentation products. 
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Table 1 



Analysis of stored grass after 12 
weeks 


Hydrogen Peroxide / 
Sodium Benzoate 
formulation 


Control 


1 . Dry Matter (% w/w) 


45.3 




2. Crude Protein (%)* 


12.0 


12.2 


3. Ash (%)* 


8.2 


8.0 


4.pH 


4.5 


4.2 


5. Ammonia — Nitrogen (%)* 


1.0 


1.0 


6. Residual Sugar (%)* 


12.4 


7.8 


7. Ethanol (%)* 


0.3 


0.5 


8. Acetic Acid (%)* 


O.l 


1.7 


9. Total Volatile Fatty Acids (%)* 


<0.1 


1.7 



* percentages are on a dry matter basis 
Example 2 

As Example 1 but the liquid composition applied to the grass consisted of a 



5 peracetic acid formulation with a peracetic acid content of 1 . 1 %w/w5 a hydrogen 
peroxide content of 0.5% and an acetic acid to peracetic acid molar ratio of 
1:0,07. The results after 8 weeks storage are shown in Table 2. Analyses 6-10 in 
Table 2 demonstrate the reduced fermentation of the grass treated with the 
peracetic acid formulation compared to the control with higher levels of 
10 unfermented residual sugars and lower levels of fermentation products. 

Table 2 ^^^^ 



Analysis of stored grass after 8 
weeks 


Peracetic Acid 
formulation 


Control 


1. Dry Matter (%wAv) 


23.1 


20.5 


2. Crude Protein (%)* 


13.4 


14.7 


3. Ash (%)* 


2.0 


7.7 


4.pH 


4.0 


4.3 


5. Ammonia — Nitrogaa (%)* 


1.2 


1.0 


6. Residual Sugar (%)* 


3.6 


1.9 


7. Ethanol (%)* 


0.4 


1.2 


8. Acetic Acid (%)* 


4.4 


4.7 


9. Propionic Acid (%)* 


0.1 


0.2 


10. Total Volatile Fatty Acids (%)* 


4.5 


4.8 



* percentages are on a dry matter basis 
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Example 3 

Further fenn trials compared alternative treatments with a hydrogen 
peroxide (35%w/w) / sodium benzoate (10%w/w) formulation on first cut of the 
season grass during Autumn 2000. Results after 4-5 months storage are shown in 
5 Table 3 for farms with grass of similar dry matter content and composition. The 
grass treated with hydrogen peroxide / sodium benzoate formulation 
demonstrates lower anaerobic and deleterious fermentation as shown by the 
much higher level of residual sugars and lower level of volatile fatty acids. 



Table 3 



Analysis of stored grass 


Hydrogen peroxide / 
sodium benzoate 
formulation 


Alternative 
chemical 
treatment 


Dry Matter (%w/w) 


35.5 


33 


Crude Protein (%)* 


11 


11.3 


pH 


4 


4.3 


Residual Sugar (%)* 


6.5 


1.8 


Lactic Acid (%)* 


7.5 


4 


Volatile Fatty Acids (%)* 


2.8 


3.5 



10 * percentages are on a dry matter basis 

Example 4 

The treatments .sjiown in examples 1 and 2 were also evaluated for their 
aerobic stabiUty Le. under conditions representing opening of the clamp to use 
the forage as feed thus allowing air to enter the clamp. In this case comparisons 

15 were made with untreated forage as in examples 1 and 2 and also with forage 
treated with a typical acid product, formic acid (85%w/w) applied at 2.5 liters 
per tonne of grass. 750 g of the forages were stored in insulated boxes placed in a 
controlled environment at 20-22°C. A temperature probe was inserted into each 
box linked to a data logger to monitor temperature changes hourly over a 6 day 

20 period. Temperature increases are due to aerobic micro-organism activity and 
hence are an indication of aerobic stability of the forage as a fimction of the 
treatment applied. Results are shown in Table 4. The data shows improved 
aerobic stability of the hydrogen peroxide and peracetic acid formulations 
compared to an untreated control and compared to a typical acid product. 
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Table 4 



Foraffe Treatment 


Temnerature 


Temnerature 


TemBerature 
increase (°Q 




Day 0 


Day 6 




Untreated Control 


18.6 


19.5 


+ 0.9 


Hydrogen Peroxide / 
Sodium Benzoate 
formulation 


18.0 


18.0 


0.0 


as Example 1 








Peracetic Acid formulation 


18.2 


18.7 


H-0.5 


as Example 2 








Formic Acid 


17.8 


20.5 


+2.7 



Example 5 

5 5 tonnes pereimial rye grass was cut and treated by spray application 

during cutting for each of 4 treatments and a control. Treatments 1,3 and 4 were 
applied as liquid compositions at 3 liters per tonne of fresh grass, whilst 
Treatment 2 was applied as a liquid composition at 2 liters per tonne of fresh 
grass. A control of untreated grass was used as a comparison. The 4x5 toimes 
10 grass forages were stored in covered clamps under feim conditions for a period 
up to 12 weeks. Chemical and microbiological analyses of samples firorn the core 
of the clamps were conducted periodicaDy during the storage period. Selected 
analyses are shown in Table 5. 

Treatment 1 consisted of 19.5%w/w hydrogen peroxide and 15%w/w 
1 5 sodium benzoate 

Treatment 2 consisted of 30%w/w hydrogen peroxide and 22.5%w/w 
sodium benzoate 

Treatment 3 consisted of 15%w/w sodium benzoate 

Treatment 4 consisted of 19.5% hydrogen peroxide 
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Tabic 5 





Treatments 


Analysis of stored 
grass after 12 weeks 


1 


2 


3 


4 


Control 


i. UTy iVlUUl6r ^/oW/WJ 




46.3 


44,9 


48 


43.3 


2. Crude Protein (%)* 


12 


13 


13.6 


11.5 


12.9 


3, Ash (%)* 


8.5 


8.3 


8.2 


8.2 


9.6 


4.pH 


4.3 


4.5 


4.3 


4.2 


4.5 


5, Ainmoxumn - 
Nitrogen (% )* 


1.8 


3.1 


3 


3 


4 


6- Sugars (%)* 


8.6 


10.2 


7.3 


8.9 


5.1 


7, Temperature of 
forage in clamp (°C) 


19.5 


16.3 


20 


24.7 


26 



* percentages are on a dry matter basis 



As shown in previous examples, analysis of sugar content (6) show that 
5 treatments with compositions containing both hydrogen peroxide and sodium 
benzoate (Treatments 1 & 2) show reduced fermentation of the grass compared 
to tihe control or to the compositions containing benzoate only (Treatment 3) with 
higher levels of unfermented residual sugars. The benefit of the combination 
treatments (Treatments 1 & 2) on fermentative activlly is also clearly illustrated 
10 by the temperature (7) measured in the centre of the clamps during sampling. 
Treatments 1 and 2 show a lower temperature compared to the control or to 
either of the additives applied alone (Treatments 3 & 4), 



